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PRODUCE PROCESSING APPARATUS

PRIORITY CLAIM TO CO-PENDING
APPLICATION

A claim for priority is hereby made under the provisions of
35 U.S.C. §120 for the present application, which is a con-
tinuation-in-part of U.S. application Ser. No. 12/421,498,
filed on Apr. 9, 2009, which is incorporated herein by refer-
ence.

BACKGROUND

Embodiments of the present invention relate to methods
and apparatus for harvesting produce. In particular, methods
may be utilized for automated trimming and coring opera-
tions.

Modern farming techniques provide many automated
methods for harvesting produce. Automated methods have
resulted in more efficient utilization of farming resources. For
example, automated methods have increased uniformity and
quality in produce processing while simultaneously reducing
the number of personnel required for accomplishing that pro-
duction. As a result of automation, delivery of plentiful and
low cost products to market is made possible.

In some farming processes, however, some manual labor is
still required. For example, in harvesting delicate produce
such as leafy vegetables—hand picking, sorting, and process-
ing is still being utilized in field. In a typical field, numerous
personnel are required to maintain harvesting production. As
may be appreciated, the costs associated with managing large
workforces directly affect market prices. In addition, human
error and inconsistency may result, in some examples, in
non-uniform production which could adversely affect con-
sumer satisfaction.

At least one problem associated with harvesting delicate
produce automatically is that the produce may be easily dam-
aged. For example, lettuce is one type of delicate produce.
During production, lettuce must be sufficiently secured with-
out damaging the leaves which is the end product. In many
cases, field processing may be desirable to lower overall
production costs, however, equipment must be both suffi-
ciently robust to handle field environments as well as suffi-
ciently sensitive to handle produce without damage—two
goals which are often in direct opposition with one another.

Another problem in harvesting delicate produce automati-
cally is that selection of viable produce is critical. Typically,
a laborer examines a head of lettuce to determine whether the
produce is viable as a market product. The laborer may then
accept or reject the produce before harvesting. However,
viability is necessarily a subjective assessment and is thus
continually subject to human error. As may be appreciated,
these errors may lead either to non-viable product reaching
market, or viable product being lost in the field.

As such produce processing apparatus are presented
herein.

SUMMARY

The following presents a simplified summary of some
embodiments of the invention in order to provide a basic
understanding of the invention. This summary is not an exten-
sive overview of the invention. It is not intended to identify
key/critical elements ofthe invention or to delineate the scope
of the invention. Its sole purpose is to present some embodi-
ments of the invention in a simplified form as a prelude to the
more detailed description that is presented below.
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2

As such, produce processing apparatuses are presented
including: a number of paddles coupled with a rotating con-
veyor system configured for capturing and securing produce
along a first position; a counter-rotating compression belt
system for compressing the produce along a second position,
where the counter-rotating compression belt system is con-
figured to apply a compressive force to the produce such that
the produce is secured, and where the counter-rotating com-
pression belt system includes a belt that is counter-rotating
and synchronized with respect to the rotating conveyor sys-
tem; and a cutting system including a rotary coring blade
assembly positioned along a path of the rotating conveyor
system, where the rotary coring blade assembly is positioned
and configured to core the produce along a third position. In
some embodiments, the rotary coring blade assembly further
includes: at least one coring blade, the at least coring blade
including a core blade edge aligned along a core blade leading
edge of a first portion of the at least one coring blade, where
the first portion is formed to provide a first coring shape to
core the produce; a first proximal attachment point for attach-
ing the at least one coring blade with a rotatable coring shaft;
and a first distal attachment point for attaching the at least one
coring blade with the rotatable coring shaft, where the rotat-
able coring shaft includes a number of coupling members for
removably securing the at least one coring blade at the first
proximal attachment point and the first distal attachment
point. In some embodiments, the cutting system further
includes: a coring drive in mechanical communication with
the rotatable coring shaft for driving the at least one cutting
blade through a rotational path. In some embodiments, a
coring counterweight coupled with the rotatable coring shaft
for balancing the cutting system when only one coring blade
is utilized. In some embodiments, a second of the at least one
coring blade is formed to provide a second coring shape
selected from the group consisting of: a similar coring shape,
a dissimilar coring shape, and a complimentary coring shape.
In some embodiments, the first coring shape and the second
coring shape is a shape such as a vee shape, an arcuate shape,
a semi-arcuate shape, a rectangular shape, and a semi-rectan-
gular shape. In some embodiments, apparatuses further
include: a rotary trimming blade assembly positioned along
the path of the rotating conveyor system, the rotary trimming
blade assembly including, at least one trimming blade, where
the at least one trimming blade further includes: at least one
trim blade edge aligned along a trim blade leading edge of a
second portion of the at least one trimming blade, where the
second portion is formed to provide a first trimming shape to
trim the produce, a second proximal attachment point for
attaching the at least one trimming blade with a rotatable
trimming shaft, and a second distal attachment point for
attaching the at least one trimming blade with the rotatable
trimming shaft, where the rotatable trimming shaft includes a
number of coupling members for securing the at least one
trimming blade at the second proximal attachment point and
the second distal attachment point. In some embodiments, the
produce includes a romaine lettuce head, an iceberg lettuce
head, a butterhead lettuce head, a summertime lettuce head, a
cabbage head, a bok choy head, an escarole lettuce head, a
radicchio lettuce heat, a broccoli head, a cauliflower head, a
broccoflower head, a celery bunch, and a carrot bunch. In
some embodiments, apparatuses further include: a rinse sys-
tem along a fourth position for rinsing a trimmed and cored
produce, where the rinse system includes a rinse selected
from the group consisting of: a water rinse, a saline rinse, a
chemical rinse, and an air rinse. In some embodiments, appa-
ratuses further include: a first optical detection device along
the first position for detecting viability of the produce, the
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optical detection device configured to function in coordina-
tion with a first produce rejection system along the first posi-
tion, where the produce is removed from the rotating con-
veyor system if the produce is not viable. In some
embodiments, apparatuses further include: a second optical
detection device along fourth position for detecting viability
of the produce, the optical detection device configured to
function in coordination with a second produce rejection
system where the produce is removed from the rotating con-
veyor system if the produce is not viable.

In other embodiments, methods for coring and trimming
produce are presented, the methods including: receiving sev-
ered produce on a rotating conveyor system along a first
position, the rotating conveyor system including a number of
paddles for capturing and securing the severed produce; com-
pressing the severed produce with a counter-rotating com-
pression belt system configured to apply a compressive force
to the severed produce such that the severed produce is
secured; and transporting the severed produce through a cut-
ting system including, the cutting system including, at least
one coring blade positioned along a path of the rotating con-
veyor system, where the at least one coring blade is positioned
and configured to core the severed produce along a second
position, and at least one trimming blade positioned along the
path of the rotating conveyor system, where the at least one
trimming blade is positioned and configured to trim the sev-
ered produce along a third position; and releasing a cored and
trimmed produce to a collection point. In some embodiments,
the at least one coring blade further includes: at least one core
blade edge aligned along a core blade leading edge of a first
portion of the at least one coring blade, where the first portion
is formed to provide a first coring shape to core the produce;
a first proximal attachment point for attaching the at least one
coring blade with a rotatable coring shaft; and a first distal
attachment point for attaching the at least one coring blade
with the rotatable coring shaft, where the rotatable coring
shaft includes a number of coupling members for removably
securing the at least one coring blade at the first proximal
attachment point and the first distal attachment point, and
where the at least one trimming blade further includes: at least
one trim blade edge aligned along a trim blade leading edge of
a second portion of the at least one trimming blade, where the
second portion is formed to provide a first trimming shape to
trim the produce; a second proximal attachment point for
attaching the at least one trimming blade with a rotatable
trimming shaft; and a second distal attachment point for
attaching the at least one trimming blade with the rotatable
trimming shaft, where the rotatable trimming shaft includes a
number of coupling members for securing the at least one
trimming blade at the second proximal attachment point and
the second distal attachment point. In some embodiments,
methods further include aligning the severed produce with the
rotating conveyor system along the first position. In some
embodiments, methods further include optically detecting
viability of the severed produce before the compressing the
severed produce; and rejecting the severed produce if the
severed produce is not viable. In some embodiments, meth-
ods further include optically detecting viability of the
trimmed and cored produce after the transporting the severed
produce through a cutting system; and rejecting the trimmed
and cored produce if the trimmed and cored produce is not
viable. In some embodiments, methods further include rins-
ing the trimmed and cored severed produce, where the rinsing
includes: a water rinse, a saline rinse, a chemical rinse, and an
air rinse.

In other embodiments, produce processing apparatuses are
presented including: a number of annular cups coupled with a
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rotating conveyor system configured for capturing and secur-
ing produce along a first position; a cutting system including
arotary coring blade assembly positioned along a path of the
rotating conveyor system, where the rotary coring blade
assembly is positioned and configured to core the produce
along a second position a rotary trimming blade assembly
positioned along the path of the rotating conveyor system,
where the rotary trimming blade assembly is positioned and
configured to core the produce along a third position. In some
embodiments, the rotary coring blade assembly further
includes: at least one coring blade, the at least coring blade
including a core blade edge aligned along a core blade leading
edge of a first portion of the at least one coring blade, where
the first portion is formed to provide a coring shape to core the
produce; a first proximal attachment point for attaching the at
least one coring blade with a rotatable coring shaft; and a first
distal attachment point for attaching the at least one coring
blade with the rotatable coring shaft, where the rotatable
coring shaft includes a number of coupling members for
removably securing the at least one coring blade at the first
proximal attachment point and the first distal attachment
point, and where the rotary trimming blade assembly further
includes: at least one trim blade edge aligned along a trim
blade leading edge of a second portion of the at least one
trimming blade, where the second portion is formed to pro-
vide a trimming shape to trim the produce, a second proximal
attachment point for attaching the at least one trimming blade
with a rotatable trimming shaft, and a second distal attach-
ment point for attaching the at least one trimming blade with
the rotatable trimming shaft, where the rotatable trimming
shaft includes a number of coupling members for securing the
atleast one trimming blade at the second proximal attachment
point and the second distal attachment point.

In other embodiments, methods for processing produce are
presented, the methods including: receiving severed produce
on a rotating conveyor system along a first position, the rotat-
ing conveyor system including a number of annular cups for
capturing and securing the severed produce; transporting the
severed produce through a cutting system including, the cut-
ting system including, at least one coring blade positioned
along a path of the rotating conveyor system, where the at
least one coring blade is positioned and configured to core the
severed produce along a second position, and at least one
trimming blade positioned along the path of the rotating con-
veyor system, where the at least one trimming blade is posi-
tioned and configured to trim the severed produce along a
third position; and releasing a cored and trimmed produce to
a collection point.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example, and
not by way of limitation, in the figures of the accompanying
drawings and in which like reference numerals refer to similar
elements and in which:

FIG.1is an illustrative representation of a perspective view
of a produce processing apparatus in accordance with
embodiments of the present invention;

FIG. 2 is an illustrative flowchart of methods for processing
produce in accordance with embodiments of the present
invention;

FIGS. 3A-B areillustrative representations of side views of
a produce processing apparatus during processing in accor-
dance with embodiments of the present invention;

FIG. 41s an illustrative representation of a unit of processed
produce in accordance with embodiments of the present
invention;
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FIG. 5 is an illustrative representation of various paddle
shapes in accordance with embodiments of the present inven-
tion;

FIGS. 6 A-B are illustrative representations of side views
of'a produce processing apparatus during processing in accor-
dance with embodiments of the present;

FIG. 7 is anillustrative representation of aunit of processed
produce in accordance with embodiments of the present
invention;

FIGS. 8 A-B are illustrative representations of side views
of a cutting system in accordance with embodiments of the
present invention;

FIG.91is anillustrative representation of aunit of processed
produce in accordance with embodiments of the present
invention;

FIG. 10 are illustrative representations of coring and trim-
ming blade assemblies in accordance with embodiments of
the present invention;

FIG. 11 is an illustrative representation of trimming blade
assemblies in accordance with embodiments of the present
invention;

FIG. 12 is an illustrative representation of coring and trim-
ming blade assemblies in accordance with embodiments of
the present invention; and

FIG. 13 is an illustrative representation of coring and trim-
ming blade assemblies in accordance with embodiments of
the present invention.

DETAILED DESCRIPTION

The present invention will now be described in detail with
reference to a few embodiments thereof as illustrated in the
accompanying drawings. In the following description,
numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be
apparent, however, to one skilled in the art, that the present
invention may be practiced without some or all of these spe-
cific details. In other instances, well known process steps
and/or structures have not been described in detail in order to
not unnecessarily obscure the present invention.

FIG.1is an illustrative representation of a perspective view
of a produce processing apparatus 100 in accordance with
embodiments of the present invention. In particular, FIG. 1 is
provided to illustrate the various systems required for pro-
cessing apparatus 100. As such, processing apparatus 100
includes a plurality of paddles 110 for capturing and securing
severed produce. As illustrated, paddles may be configured,
in some embodiments, having a semi-arcuate shape. Refer-
ring briefly to FIG. 5, which is an illustrative representation of
various paddle shapes in accordance with embodiments of the
present invention, it may be seen that a variety of shapes may
be utilized to capture produce. For example, a planar shape
502, a multi-planar shape 504 and 506, an arcuate shape 508,
and a cupped shape (not shown) may be utilized without
departing from the present invention. Different shapes of
paddles may be desirable in processing different types of
produce. For example, in embodiments, produce such as a
romaine lettuce head, an iceberg lettuce head, a butterhead
lettuce head, a summertime lettuce head, a cabbage head, a
bok choy head, an escarole lettuce head, a radicchio lettuce
heat, a broccoli head, a cauliflower head, a broccoflower
head, a celery bunch, and a carrot bunch may be processed
utilizing different shaped paddles without limitation. Further-
more, paddles, as utilized herein, may be manufactured from
a flexible or semi-flexible polymeric compound in some
embodiments. As may be appreciated, a clean and sanitary
environment is desirable in food processing systems. As such,
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some polymeric compounds, such as polyurethane may be
useful in providing a sanitary capture device. In other
embodiments, a stainless steel paddle may be provided. It
may be noted that the illustrated embodiments in FIG. 5 are
provided for clarifying embodiments and should not be con-
strued as limiting with respect to dimension, shape, or mate-
rial.

Returning to FIG. 1, produce processing apparatus 100
further includes a conveyor system 112, which may be uti-
lized for moving produce the various systems. Any conveyor
system known in the art may be utilized without departing
from the present invention. In addition, conveyance systems
may be powered by drives such as: an internal combustion
engine, an electric motor, a compressed air motor, a hydraulic
fluid motor, a wind turbine motor, and a power take off (PTO)
motor without limitation and without departing from the
present invention. Produce processing apparatus 100 may be
further configured with alignment bar 114 for aligning a
produce head in order to properly and accurately process the
produce.

Produce processing apparatus 100 may be further config-
ured with counter-rotating compression belt system 130.
Counter-rotating compression belt system 130 may be con-
figured to apply a compressive force to produce in order to
secure the produce. Sufficient compressive forces should be
applied to secure the produce without damaging the produce.
As may be appreciated, different produce will require differ-
ent compressive force to obtain production objectives. For
example, a head of leafy produce may require less compres-
sive force than a head of dense produce such as broccoli. As
such, counter-rotating compression belt system 130 may be
configured with an adjustment mechanism for adjusting com-
pressive forces in some embodiments. In some embodiments,
a compressive force in a range of approximately 1 to 40
pounds of downward force may be applied to produce by
counter-rotating compression belt system 130. In addition, it
may be desirable, in some embodiments, to increase com-
pressive force on produce to account for loss of produce
material during processing. As such, compressive force may
be increased from a first compressive force in a range of
approximately 1 to 40 pounds of downward force to a second
compressive force in a range of approximately 5 to 60 pounds
of downward force.

Counter-rotating compression belt system 130 may also be
configured to move synchronously with conveyor system
112. Synchronous movement ensures that produce may be
stabilized for processing. However, in other embodiments,
asynchronous movement may be desired when processing
requires some rotation of the produce. In those asynchronous
embodiments, one or more counter-rotating compression belt
systems may be utilized to alternately stabilize and rotate
produce. Belts utilized in counter-rotating compression belt
systems may be manufactured from a flexible or semi-flexible
polymeric compound in some embodiments. As may be
appreciated, a clean and sanitary environment is desirable in
food processing systems. As such, some polymeric com-
pounds, such as polyurethane or TEFLON™ may be useful in
providing a belt for use in counter-rotating compression belt
systems without limitation. In other embodiments, a non-
corrosive metal belt such as stainless steel belt may be pro-
vided without limitation. In other embodiments, a metal
coated belt may be provided without limitation. In still other
embodiments, a rubber or rubberized belt may be provided
without limitation. As above, counter-rotating compression
belt systems may be powered by drives such as: an internal
combustion engine, an electric motor, a compressed air
motor, a hydraulic fluid motor, a wind turbine motor, and a
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power take oft (PTO) motor without limitation and without
departing from the present invention. In some embodiments,
counter-rotating compression belt systems may be mechani-
cally linked to conveyor systems by means of a gear box or
chain such that coordinated movement of the systems may be
readily achieved.

Produce processing apparatus 100 may be further config-
ured with a cutting system including a number of cutting
blades 120 and 122 for coring and trimming produce. As
illustrated blades 120 and 122 are rotating blades. Rotating
blades may have some advantages over other methods of
processing because blades may be easily serviced to provide
clean coring and trimming. In some embodiments, rotating
blades may further include a safety shroud (not shown) in
order to provide a safe working environment for operators of
produce processing apparatus 100. However, in some
embodiments, other methods of coring and trimming may be
utilized. For example, in some embodiments, a linear action
blade, a static blade, a metal wire blade, a laser blade, and a
water blade may be utilized without departing from the
present invention. As above, counter-rotating cutting blades
may be powered by drives such as: an internal combustion
engine, an electric motor, a compressed air motor, a hydraulic
fluid motor, a wind turbine motor, and a power take off (PTO)
motor without limitation and without departing from the
present invention.

Produce processing apparatus 100 may be further config-
ured with a rinse system (not shown). It may be appreciated
that rinsing produce after processing may be desirable to
remove cull or other debris such as insects and soil. Thus, any
rinse system known in the art may be utilized without depart-
ing from the present invention. In addition, any type of rinse
may be utilized including a water rinse, a saline rinse, a
chemical rinse, and an air rinse without departing from the
present invention.

As produce production becomes more automated, methods
of detecting viable produce may be required. In some
embodiments, an optical detection device may be utilized to
determine viability. These devices may be used before pro-
cessing when produce is captured by produce processing
apparatus 100, after produce is processed by produce process-
ing apparatus 100, or both in some embodiments. Utilization
of'an optical detection device may improve and assure quality
control in some embodiments. As such, any optical detection
device known in the art may be utilized without departing
from the present invention. In addition, a produce rejection
system may be utilized in coordination with an optical detec-
tion device to remove produce from produce processing appa-
ratus when the produce is not viable. In some embodiments,
a produce rejection system may mechanically eject produce
from the apparatus. In other embodiments, an alarm may
inform an operator that produce is not viable. In still other
embodiments, a log may be recorded to track rejected pro-
duce.

When processing is complete, produce may be released
from produce processing apparatus 100 at a collection point
140. At that point, produce may be processed or transported in
any number of ways. It may be appreciated that by produce
processing apparatus 100 may be utilized in the field or out of
field without departing from the present invention. Further-
more, embodiments of produce processing apparatus 100
may be truck mounted, trailer mounted, boom mounted, or
tractor mounted without limitation. Still further, embodi-
ments may be utilized in coordination with other automated
production machinery such as a harvesting machine without
limitation.
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FIG. 2 is an illustrative flowchart 200 of methods for pro-
cessing produce in accordance with embodiments of the
present invention. FIG. 2 will be discussed with FIGS. 3A-B,
which are illustrative representations of side views of a pro-
duce processing apparatus during processing in accordance
with embodiments of the present invention and with FIG. 4,
which is an illustrative representation of a unit of processed
produce in accordance with embodiments of the present
invention. At a first step 202, the method receives a severed
produce head on a rotating conveyor system. A severed pro-
duce head may be received from automated harvesting
machinery or from harvesting personnel without limitation.
Referring briefly to FIGS. 3A-B and 4, a produce head 402 is
received by rotating conveyor system 310 at or around loca-
tion 302. As illustrated, each produce head is isolated. Return-
ing to FIG. 2, at a next step 204, produce head is aligned. As
noted above, produce processing apparatus embodiments
may be configured with an alignment bar for aligning a pro-
duce head in order to properly and accurately process the
produce. In some embodiments alignment may be manually
achieved by operators.

At a next step 206, the severed head may be captured by a
counter-rotating compression belt system (see 312, FIGS.
3A-B). As noted above, counter-rotating compression belt
systems may be configured to move synchronously with con-
veyor systems. Synchronous movement ensures that produce
may be stabilized for processing. However, in some embodi-
ments, asynchronous movement may be desired when pro-
cessing requires some rotation of the produce. At a next step
208, the method determines whether to reject a severed pro-
duce head. As noted above, optical detection systems may be
utilized in some embodiments to detect viability of produce.
In some embodiments, produce may be inspected by an
operator. Therefore, if the method determines at a step 208 to
reject a severed produce head, the method continues to a step
210 to eject the severed produce head from the conveyor
system whereupon the method ends. [fthe method determines
ata step 208 not to reject a severed produce head, the method
continues to a step 212 to transport the severed produce head
through a cutting system.

At a next step 214, the method trims the severed produce
head (see 304, FIGS. 3A-B; 404 FIG. 4). Trimming, as uti-
lized herein removes a top portion of a head. The removed
portion is called cull. Trimming may be adjustably configured
to remove any amount of cull from the severed head depend-
ing on production requirements. Typically, processing
removes only portions that may be unsightly or undesirable to
a consumer. In some embodiments, trimming removes addi-
tional cull by making an angled cut to remove a side portion
with respect to the top of the severed head. At a next step 216,
the method cores the severed produce head (see 306, FIGS.
3A-B; 406 FIG. 4). Coring, as utilized herein, refers to
removal of a bottom portion of the head. As above, the
removed portion is called cull. Coring may be adjustably
configured to remove any amount of cull from the severed
head depending on production requirements. In some
embodiments, a core may be removed leaving a “V”” shaped
cut. In other embodiments, a core may be removed leaving a
straight cut. In still other embodiments, a core may be
removed leaving a semi-arcuate or arcuate cut. As noted
above, rotating blades, as illustrated here, may have some
advantages over other methods of processing because blades
may be easily serviced to provide clean coring and trimming.
In some embodiments, rotating blades may further include a
safety shroud in order to provide a safe working environment
for operators of produce processing apparatus. However, in
some embodiments, other methods of coring and trimming



US 9,221,186 B2

9

may be utilized. For example, in some embodiments, a linear
action blade, a static blade, a metal wire blade, a laser blade,
and a water blade may be utilized without departing from the
present invention.

It may be appreciated that trimming and coring require-
ments may depend in part upon the type of produce being
processed. As noted above, a number of types of produce may
be processed utilizing methods described herein. For
example, in embodiments, produce such as a romaine lettuce
head, an iceberg lettuce head, a butterhead lettuce head, a
summertime lettuce head, a cabbage head, a bok choy head,
an escarole lettuce head, a radicchio lettuce heat, a broccoli
head, a cauliflower head, a broccoflower head, a celery bunch,
and a carrot bunch may be processed without limitation.

At a next step 218, the method rinses a trimmed and cored
produce head. It may be appreciated that rinsing produce after
processing may be desirable to remove cull or other debris
such as insects and soil. Thus, any rinse system known in the
art may be utilized without departing from the present inven-
tion. In addition, any type of rinse may be utilized including
a water rinse, a saline rinse, a chemical rinse, and an air rinse
without departing from the present invention. At a next step
220, the method determines whether to reject a trimmed and
cored produce head. As noted above, optical detection sys-
tems may be utilized in some embodiments to detect viability
of'produce. In some embodiments, produce may be inspected
by an operator. Therefore, if the method determines at a step
220 to reject a trimmed and cored produce head, the method
continues to a step 222 to eject the trimmed and cored produce
head from the conveyor system whereupon the method ends.
Ifthe method determines at a step 220 not to reject a trimmed
and cored produce head, the method continues to a step 224 to
release the trimmed and cored produce head to a collection
point.

Additional Embodiments

As noted above, FIG. 2 is an illustrative flowchart 200 of
methods for processing produce in accordance with embodi-
ments of the present invention. FIG. 2 will now be discussed
with FIGS. 6A-B, which are illustrative representations of
side views of a produce processing apparatus during process-
ing in accordance with embodiments of the present invention
and with FIG. 7, which is an illustrative representation of a
unit of processed produce in accordance with embodiments
of the present invention. At a first step 202, the method
receives a severed produce head on a rotating conveyor sys-
tem. A severed produce head may be received from auto-
mated harvesting machinery or from harvesting personnel
without limitation. Referring briefly to FIGS. 6A-B and 7, a
produce head 702 is received by rotating conveyor system
610 at or around location 602. As illustrated, each produce
head is isolated by a number of paddles 618. Returning to
FIG. 2, at a next step 204, produce head is aligned. As noted
above, produce processing apparatus embodiments may be
configured with an alignment bar 614 for aligning a produce
head in order to properly and accurately process the produce.
In some embodiments alignment may be manually achieved
by operators.

At anext step 206, the severed head may be compressed by
a counter-rotating compression belt system (see 612, FIGS.
6A-B) by applying a compressive force to a severed produce
so that the severed produce is secured without damaging the
severed produce. As noted above, counter-rotating compres-
sion belt systems may be configured to move synchronously
with conveyor systems. Synchronous movement ensures that
produce may be stabilized for processing. However, in some
embodiments, asynchronous movement may be desired when
processing requires some rotation of the produce. At a next
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step 208, the method determines whether to reject a severed
produce head. As noted above, optical detection systems may
be utilized in some embodiments to detect viability of pro-
duce. In some embodiments, produce may be inspected by an
operator. Therefore, if the method determines at a step 208 to
reject a severed produce head, the method continues to a step
210 to eject the severed produce head from the conveyor
system whereupon the method ends. [fthe method determines
ata step 208 not to reject a severed produce head, the method
continues to a step 212 to transport the severed produce head
through a cutting system.

At a next step 214, the method trims the severed produce
head (see 604, FIGS. 6 A-B; 704 FIG. 7). Trimming, as uti-
lized herein removes a top portion of a head utilizing a rotary
trimming blade assembly in embodiments. The removed por-
tion is called cull. Trimming may be adjustably configured to
remove any amount of cull from the severed head depending
on production requirements. Typically, processing removes
only portions that may be unsightly or undesirable to a con-
sumer. In some embodiments, trimming removes additional
cull by making an angled cut to remove a side portion with
respect to the top of the severed head. At a next step 216, the
method cores the severed produce head (see 606, FIGS.
6A-B; 706 FIG. 7). Coring, as utilized herein, refers to
removal of a bottom portion of the head utilizing a rotary
coring blade assembly in embodiments. As above, the
removed portion is called cull. Coring may be adjustably
configured to remove any amount of cull from the severed
head depending on production requirements. In some
embodiments, a core may be removed leaving a “V”” shaped
cut. In other embodiments, a core may be removed leaving a
straight cut. In still other embodiments, a core may be
removed leaving a semi-arcuate or arcuate cut. As noted
above, rotating rotary blades, as illustrated here, may have
some advantages over other methods of processing because
blades may be easily serviced to provide clean coring and
trimming. In some embodiments, rotating rotary blades may
further include a safety shroud in order to provide a safe
working environment for operators of produce processing
apparatus.

It may be appreciated that trimming and coring require-
ments may depend in part upon the type of produce being
processed. As noted above, a number of types of produce may
be processed utilizing methods described herein. For
example, in embodiments, produce such as a romaine lettuce
head, an iceberg lettuce head, a butterhead lettuce head, a
summertime lettuce head, a cabbage head, a bok choy head,
an escarole lettuce head, a radicchio lettuce heat, a broccoli
head, a cauliflower head, a broccoflower head, a celery bunch,
and a carrot bunch may be processed without limitation.

At a next step 218, the method rinses a trimmed and cored
produce head. It may be appreciated that rinsing produce after
processing may be desirable to remove cull or other debris
such as insects and soil. Thus, any rinse system known in the
art may be utilized without departing from the present inven-
tion. In addition, any type of rinse may be utilized including
a water rinse, a saline rinse, a chemical rinse, and an air rinse
without departing from the present invention. At a next step
220, the method determines whether to reject a trimmed and
cored produce head. As noted above, optical detection sys-
tems may be utilized in some embodiments to detect viability
of'produce. In some embodiments, produce may be inspected
by an operator. Therefore, if the method determines at a step
220 to reject a trimmed and cored produce head, the method
continues to a step 222 to eject the trimmed and cored produce
head from the conveyor system whereupon the method ends.
If the method determines at a step 220 not to reject a trimmed
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and cored produce head, the method continues to a step 224 to
release the trimmed and cored produce head to a collection
point.

In order to more clearly illustrate embodiments of the
present invention, FIGS. 8 A-B, which are illustrative repre-
sentations of side views of a cutting system in accordance
with embodiments of the present invention are presented. In
particular, FIGS. 8A-B illustrate selected portions of FIGS.
6A-B. In addition, FIG. 9, which is an illustrative represen-
tation of a unit of processed produce in accordance with
embodiments of the present invention, is presented. As illus-
trated in FIG. 8A, cutting system 800 includes rotary trim-
ming blade assembly 820 positioned along a path of the
rotating conveyor system, which assembly includes trimming
blade 802 mechanically coupled with rotatable trimming
shaft 808 by proximal attachment point and distal attachment
point 806. In embodiments, one or more trimming blade may
be utilized. In embodiments, utilizing a single trimming
blade, a trimming counterweight may be coupled with the
rotatable trimming shaft for balancing the cutting system.
Additionally, as illustrated, two similar trimming blade
shapes may be utilized. However, trimming blades may also
include dissimilar and complementary blade shapes.
Example trimming blade shapes will be discussed in further
detail below for FIG. 10. Because different trimming blade
shapes may be configured, resulting trimming shapes may
include, without limitation, a vee shape, an arcuate shape, a
semi-arcuate shape, a rectangular shape, and a semi-rectan-
gular shape in embodiments. In embodiments, trimming
blades are configured to remove a top portion of produce 904
(FIG. 9).

Further, as illustrated, trimming drive 810 may be coupled
with rotatable trimming shaft 808 for driving trimming blade
802 through a rotational path. Any number of drives may be
utilized in embodiments including an internal combustion
engine, an electric motor, a compressed air motor, a hydraulic
fluid motor, a wind turbine motor, and a power take off (PTO)
motor. In addition, in embodiments, mechanical coupling
may be accomplished utilizing a belt drive (illustrated), a gear
drive, a chain drive, and a direct drive. Further, in embodi-
ments, trimming drive 810 may be configured to rotate trim-
ming blade in a range of approximately 50 to 10000 RPM.
Cutting system 800 may include vertical adjustment 812 for
adjusting the height of trimming blade 802 with respect to
produce 902 (FIG. 9) being processed.

As illustrated in FIG. 8B, cutting system 850 includes
rotary coring blade assembly 870 positioned along a path of
the rotating conveyor system, which assembly includes cor-
ing blade 852 mechanically coupled with rotatable coring
shaft 858 by proximal attachment point and distal attachment
point 856. In embodiments, one or more coring blade may be
utilized. In embodiments, utilizing a single coring blade, a
coring counterweight may be coupled with the rotatable cor-
ing shaft for balancing the cutting system. Additionally, as
illustrated, two similar coring blade shapes may be utilized.
However, coring blades may also include dissimilar and
complementary blade shapes. Example coring blade shapes
will be discussed in further detail below for FIG. 10. Because
different coring blade shapes may be configured, resulting
coring shapes may include, without limitation, a vee shape, an
arcuate shape, a semi-arcuate shape, a rectangular shape, and
a semi-rectangular shape in embodiments. In embodiments,
coring blades are configured to remove a bottom portion of
produce 906 (FIG. 9).

Further, as illustrated, coring drive 810 may be coupled
with rotatable coring shaft 858 for driving coring blade 852
through a rotational path. Any number of drives may be
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utilized in embodiments including an internal combustion
engine, an electric motor, a compressed air motor, a hydraulic
fluid motor, a wind turbine motor, and a power take off (PTO)
motor. In addition, in embodiments, mechanical coupling
may be accomplished utilizing a belt drive (illustrated), a gear
drive, a chain drive, and a direct drive. Further, in embodi-
ments, coring drive 860 may be configured to rotate coring
blade in a range of approximately 50 to 10000 RPM. Cutting
system 850 may include vertical adjustment 862 for adjusting
the height of coring blade 852 with respect to produce 902
(FIG. 9) being processed.

FIG. 10 are illustrative representations of coring and trim-
ming blade assemblies in accordance with embodiments of
the present invention. As contemplated by embodiments
described herein, coring and trimming blade assemblies are
substantially similar in function. That is, removing a portion
of'produce. While the assemblies are similar in function, they
may differ in form as may be seen in the illustrated embodi-
ments. As such, the description provided for rotary coring
blade assembly 1010 may be equally applied to assemblies
1100 to 1140 (FIG. 11). The illustrated embodiments are
provided for clarity in various examples, but should not be
construed as limiting. Indeed, any number of forms for blade
assemblies may be utilized without departing from embodi-
ments provided herein. Indeed, as illustrated, two similar
blade shapes may be utilized. However, blades may also
include dissimilar and complementary blade shapes. Because
different blade shapes may be configured, resulting coring
shapes may include, without limitation, a vee shape, an arcu-
ate shape, a semi-arcuate shape, a rectangular shape, and a
semi-rectangular shape in embodiments.

As illustrated, rotary coring blade assembly 1010 includes
rotatable coring shaft 1022, which shaft rotates about axis of
rotation 1028. Coupling members 1014 and 1016 may be
configured for receiving at least one coring blade. As illus-
trated in one embodiment, two coring blades may be attached
with coupling members. Coupling member 1014 includes
proximal attachment point 1012 which may include a clamp-
ing mechanism for easy assembly and removal of coring
blade 1020. In some embodiments attachment may be
effected by bolting, riveting, or welding without limitation.
Likewise coupling member 1016 includes distal attachment
point 1018 which may include a clamping mechanism for
easy assembly and removal of coring blade 1020. Coring
blade 1020 may be configured with coring blade edge 1024,
which edge may be aligned along a core blade leading edge.
As may be seen from direction of rotation 1026, core blade
edge may contact produce 1034 to produce a coring shape
1032 thereby coring the produce. As noted above, in embodi-
ments, coring shapes may include a vee shape, an arcuate
shape, a semi-arcuate shape, a rectangular shape, and a semi-
rectangular shape. In addition, as is well known in the food
processing arts, it is generally desirable to utilize materials
that are easily cleaned and sterilized. As such, in embodi-
ments, coring blades may be manufactured from stainless
steel compositions, epoxy resin compositions, and polymeric
compositions without limitation.

As illustrated, rotary trimming blade assembly 1040
includes rotatable trimming shaft 1052, which shaft rotates
about axis of rotation 1058. Coupling members 1044 and
1046 may be configured for receiving at least one trimming
blade. As illustrated in one embodiment, two trimming blades
may be attached with coupling members. Coupling member
1044 includes proximal attachment point 1042 which may
include a clamping mechanism for easy assembly and
removal of trimming blade 1050. In some embodiments
attachment may be effected by bolting, riveting, or welding
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without limitation. Likewise coupling member 1046 includes
distal attachment point 1048 which may include a clamping
mechanism for easy assembly and removal of trimming blade
1050. Trimming blade 1050 may be configured with trim-
ming blade edge 1054, which edge may be aligned along a
trim blade leading edge. As may be seen from direction of
rotation 1056, trim blade edge may contact produce 1064 to
produce a trimming shape 1062 thereby trimming the pro-
duce. As noted above, in embodiments, trimming shapes may
include a vee shape, an arcuate shape, a semi-arcuate shape, a
rectangular shape, and a semi-rectangular shape. In addition,
as is well known in the food processing arts, it is generally
desirable to utilize materials that are easily cleaned and ster-
ilized. As such, in embodiments, trimming blades may be
manufactured from stainless steel compositions, epoxy resin
compositions, and polymeric compositions without limita-
tion.

FIG. 11 is an illustrative representation of trimming blade
assemblies in accordance with embodiments of the present
invention. As illustrated, rotary trimming blade assembly
1100 provides a diagonal shape for a produce, which shape
may be formed across a produce or across a portion of a
produce (illustrated). Likewise rotary trimming blade assem-
bly 1110 provides a diagonal shape for a produce, which
shape may be formed across a produce or across a portion of
a produce (illustrated). Further as illustrated, trimming blade
assemblies 1120 and 1130 may produce a vee shape. Rotary
trimming blade assembly 1120 represents two complimen-
tary blades which may result in a complimentary trim shape.
Still further as illustrated, trimming blade assembly 1140 may
produce an arcuate shape. In other embodiments, trim shapes
may include without limitation a semi-arcuate shape, a rect-
angular shape, and a semi-rectangular shape. In some
examples, rotary coring blade assemblies and rotary trim-
ming blade assemblies may be interchangeable. As noted
above, embodiments may be utilized to process a variety of
produce including, a romaine lettuce head, an iceberg lettuce
head, a butterhead lettuce head, a summertime lettuce head, a
cabbage head, a bok choy head, an escarole lettuce head, a
radicchio lettuce heat, a broccoli head, a cauliflower head, a
broccoflower head, a celery bunch, and a carrot bunch without
limitation.

As may be appreciated, alternative conveyance methods
may be utilized with coring and trimming blade assemblies as
disclosed above without departing from embodiments dis-
closed herein. For example, FIG. 12 is an illustrative repre-
sentation 1200 of coring and trimming blade assemblies in
accordance with embodiments of the present invention. As
noted above, conveyances utilizing compression systems
may be configured to convey and secure produce without
damaging tender portions of the produce. An alternative
method of conveyance may include the utilization of annular
cups. As utilized herein, the term annular cup refers generally
to an annular surface tapered and sized to secure produce
during processing. In some embodiments, annular cups may
have a circular cross-sectional profile. In other embodiments,
cross-sectional profiles include a triangular cross-section, a
rectangular cross-section, a pentagonal cross-section, a hex-
agonal cross-section, and an ovate cross-section. As illus-
trated, annular cup 1202 may be utilized to secure produce
1210. A number of annular cups may be attached with belt
1204, which may be driven by any means known in the art
without departing from embodiments disclosed herein. In
some embodiments, a linkage such as a chain or other flexible
member may be utilized without limitation. An illustrative
representation of produce 1240 is illustrated, which represen-
tation is rotated 90° with respect to produce 121.0 for clarity.
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Once produce is secured, annular cups may be conveyed
across a path such that produce is brought into contact range
of trimming blade assembly 1212, which assembly makes
trim 1214 thereby creating a trim shape. In embodiments,
trimming shapes may include a vee shape, an arcuate shape,
a semi-arcuate shape, a rectangular shape, and a semi-rectan-
gular shape. An illustrative representation of trimmed pro-
duce 1242 is illustrated, which representation is rotated 90°
with respect to produce 1210 for clarity. Once produce is
trimmed, annular cups may be conveyed across a path such
that produce is brought into contact range of coring blade
assembly 1216, which assembly makes core 1218 thereby
creating a core shape. In embodiments, coring shapes may
include a vee shape, an arcuate shape, a semi-arcuate shape, a
rectangular shape, and a semi-rectangular shape. An illustra-
tive representation of trimmed produce 1244 is illustrated,
which representation is rotated 90° with respect to produce
1210 for clarity. It may be noted that although the illustrated
apparatus trims first, then cores, embodiments may further
include coring first and then trimming or may accomplish
trimming and coring at the same time. Furthermore, in the
configuration illustrated, produce is positioned vertically
with respect to the path of processing. In other embodiments,
produce may be rotated to the horizontal with respect to the
path of processing whereby coring and trimming apparatuses
may be horizontally mounted as in FIGS. 8A and 8B.

In order to more clearly illustrate an embodiment as
depicted in FIG. 12, FIG. 13 is an illustrative representation
1300 of coring and trimming blade assemblies in accordance
with embodiments of the present invention. In particular,
FIG. 13 is a 90° rotation of FIG. 12. Thus, as may be seen
produce 1310 is secured by annular cup 1302. Once produce
is secured, annular cups may be conveyed across a path such
that produce is brought into contact range of trimming blade
assembly 1312 and coring blade assembly 1316. As illus-
trated, embodiments remove a portion of produce prior to
packaging or further processing. In the illustration, trimming
and coring blade assemblies include a belt driven mechanism,
however, as above, any drive mechanism may be utilized in
embodiments without limitation. As such, any number of
drives may be utilized in embodiments including an internal
combustion engine, an electric motor, a compressed air
motor, a hydraulic fluid motor, a wind turbine motor, and a
power take off (PTO) motor. In addition, in embodiments,
mechanical coupling may be accomplished utilizing a belt
drive (illustrated), a gear drive, a chain drive, and a direct
drive.

While this invention has been described in terms of several
embodiments, there are alterations, permutations, and
equivalents, which fall within the scope of this invention. It
should also be noted that there are many alternative ways of
implementing the methods and apparatuses of the present
invention. Furthermore, unless explicitly stated, any method
embodiments described herein are not constrained to a par-
ticular order or sequence. For example, trimming and coring
may be performed in any order without departing from the
present invention. Still further, optical scanning of produce
may be performed at any stage during production. Further, the
Abstract is provided herein for convenience and should not be
employed to construe or limit the overall invention, which is
expressed in the claims. It is therefore intended that the fol-
lowing appended claims be interpreted as including all such
alterations, permutations, and equivalents as fall within the
true spirit and scope of the present invention.
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What is claimed is:

1. A produce processing apparatus comprising:

a plurality of paddles coupled with a rotating conveyor
system, the plurality of paddles configured for capturing
and securing produce along a first position of the rotat-
ing conveyor system;

a counter-rotating compression belt system for compress-
ing the produce along a second position of the rotating
conveyor system, wherein
the counter-rotating compression belt system is config-

ured to apply a compressive force to the produce such
that the produce is secured between the rotating con-
veyor system and

the counter-rotating compression belt system without
damaging the produce, and wherein the counter-ro-
tating compression belt system includes a belt that is
counter rotating and synchronized with respect to the
rotating conveyor system; and

acutting system comprising a rotary coring blade assembly
positioned along a path of the rotating conveyor system,
wherein the rotary coring blade assembly further com-
prises:
at least two coring blades, the at least two coring blades

each including a core blade edge aligned along a
middle portion of each of the at least two coring
blades, wherein the middle portion is formed to pro-
vide a first coring shape to core the produce, and
wherein each of the at least two coring blades further
include,

a first proximal attachment point positioned along a
proximal end of each of the at least two coring blades
for attaching each of the at least two coring blades
with a rotatable coring shaft that rotates about an axis
of rotation, wherein the first proximal attachment
point removeably couples with the rotatable coring
shaft by a first coupling member; and

a first distal attachment point positioned along a distal
end of each of the at least two coring blades for attach-
ing each of the at least two coring blades with the
rotatable coring shaft wherein the first distal attach-
ment point removeably couples with the rotatable cor-
ing shaft by a second coupling member such that each
of' the at least two coring blades is positioned parallel
with the rotatable coring shaft, wherein, each of the at
least two coring blades are coupled with the rotatable
coring shaft, wherein

each of'the at least two coring blades define a void with
respect to the rotatable coring shaft, and wherein

the rotary coring blade assembly is positioned and con-
figured to core the produce along a third position of
the rotating conveyor system.

2. The apparatus of claim 1, wherein the cutting system
further comprises:

acoring drive in mechanical communication with the rotat-
able coring shaft for driving the at least two coring
blades through a rotational path.

3. The apparatus of claim 1, further comprising:

a coring counterweight coupled with the rotatable coring
shaft for balancing the cutting system when only one
coring blade is utilized.

4. The apparatus of claim 1, wherein the first coring shape
and the second coring shape is a shape selected from the
group consisting of: a vee shape, an arcuate shape, a semi-
arcuate shape, a rectangular shape, and a semi-rectangular
shape.
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5. The apparatus of claim 1, further comprising:
arotary trimming blade assembly positioned along the path
of the rotating conveyor system, the rotary trimming
blade assembly including,
at least one trimming blade, wherein the at least one
trimming blade further comprises:

at least one trim blade edge aligned along a trim blade
leading edge of a second portion of the at least one
trimming blade, wherein the second portion is formed
to provide a first trimming shape to trim the produce,

a second proximal attachment point for attaching the at
least one trimming blade with a rotatable trimming
shaft, and

a second distal attachment point for attaching the at least
one trimming blade with the rotatable trimming shaft,
wherein the rotatable trimming shaft comprises a plu-
rality of coupling members for securing the at least
one trimming blade at the second proximal attach-
ment point and the second distal attachment point.

6. The apparatus of claim 2, wherein the cutting system
further comprises:

a trimming drive in mechanical communication with the
rotatable trimming shaft for driving the at least one
trimming blade through a rotational path.

7. The apparatus of claim 6, wherein the coring drive and
the trimming drive are selected from the group consisting of
an internal combustion engine, an electric motor, a com-
pressed air motor, a hydraulic fluid motor, a wind turbine
motor, and a power take oft (PTO) motor, wherein the trim-
ming drive is configured to rotate trimming blade in a range of
approximately 50 to 10000 RPM.

8. The apparatus of claim 5, further comprising:

a trim counterweight coupled with the rotatable trimming
shaft for balancing the cutting system when only one
trimming blade is utilized.

9. The apparatus of claim 5, wherein the first trimming
shape and the second trimming shape is a shape selected from
the group consisting of: a vee shape, an arcuate shape, a
semi-arcuate shape, a rectangular shape, and a semi-rectan-
gular shape.

10. The apparatus of claim 1, further comprising:

arinse system along a fourth position for rinsing a trimmed
and cored produce, wherein the rinse system includes a
rinse selected from the group consisting of: a water
rinse, a saline rinse, a chemical rinse, and an air rinse.

11. The apparatus of claim 1, further comprising:

a first optical detection device along the first position for
detecting viability of the produce, the optical detection
device configured to function in coordination with a first
produce rejection system along the first position,
wherein the produce is removed from the rotating con-
veyor system if the produce is not viable.

12. The apparatus of claim 1, further comprising:

a second optical detection device along fourth position for
detecting viability of the produce, the optical detection
device configured to function in coordination with a
second produce rejection system wherein the produce is
removed from the rotating conveyor system if the pro-
duce is not viable.

13. A produce processing apparatus comprising:

aplurality of annular cups coupled with a rotating conveyor
system configured for capturing and securing produce
along a first position of the rotating conveyor system;
and

a cutting system comprising,

a rotary coring blade assembly positioned along a path
of the rotating conveyor system, wherein the rotary
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coring blade assembly is positioned and configured to

core the produce along a second position of the rotat-

ing conveyor system, wherein the rotary coring blade
assembly further comprises:

at least two coring blades, the at least two coring
blades each including a core blade edge aligned
along a middle portion of each of the at least two
coring blades, wherein the middle portion is
formed to provide a first coring shape to core the
produce, and wherein each of the at least two coring
blades further include,

a first proximal attachment point positioned along a
proximal end of each of the at least two coring
blades for attaching each of the at least two coring
blades with a rotatable coring shaft that rotates
about an axis of rotation, wherein the first proximal
attachment point removeably couples with the
rotatable coring shaft by a first coupling member,
and

afirst distal attachment point positioned along a distal
end of each of the at least two coring blades for
attaching each of the at least two coring blades with
the rotatable coring shaft wherein the first distal
attachment point removeably couples with the
rotatable coring shaft by a second coupling mem-
ber such that each of the at least two coring blades
is positioned parallel with the rotatable coring
shaft, wherein, the at least two coring blades are
coupled with the rotatable coring shaft, wherein
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each of' the at least two coring blades define a void
with respect to the rotatable coring shaft, and

a rotary trimming blade assembly positioned along the
path of the rotating conveyor system, wherein the
rotary trimming blade assembly is positioned and
configured to core the produce along a third position
of the rotating conveyor system.

14. The apparatus of claim 13, wherein

the rotary trimming blade assembly further comprises:

at least one trim blade edge aligned along a trim blade
leading edge of a second portion of the at least one
trimming blade, wherein the second portion is formed
to provide a trimming shape to trim the produce,

a second proximal attachment point for attaching the at
least one trimming blade with a rotatable trimming
shaft that rotates about an axis of rotation, and

a second distal attachment point for attaching the at least
one trimming blade with the rotatable trimming shaft
such that the at least one trimming blade is positioned
parallel with the rotatable coring shaft, wherein the
rotatable trimming shaft comprises a plurality of cou-
pling members for securing the at least one trimming
blade at the second proximal attachment point and the
second distal attachment point.

15. The apparatus of claim 13, wherein the coring shape
and the trimming shape is a shape selected from the group
consisting of: a vee shape, an arcuate shape, a semi-arcuate
shape, a rectangular shape, and a semi-rectangular shape.
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